Background. Kt/Vurea was established as an index of haemodialysis (HD) adequacy. The use of Vurea as a normalizing factor has been questioned, and alternative parameters such as body weight 0.67 (W 0.67 ), body surface area (BSA), resting energy expenditure (REE), high metabolic rate organ (HMRO) mass, liver size (LV) and more recently, bioelectrical resistance (R), an independent and directly measurable biological parameter, were proposed as alternative methods for scaling dialysis dose. Methods. The present study aimed to prospectively evaluate the predictive power of some demographic, anthropometric, bioelectrical (BIA) and biochemical parameters, of seven scaling parameters, namely Vurea, as derived from the Watson et al. formulae, W 0.67 , BSA, REE, HMRO, LV and R and of eight HD adequacy indices [single-pool variable-volume Kt/Vurea, computed using the Daugirdas equation, its rescaled equivalents (Kt/W 0.67 , Kt/BSA, Kt/ REE, Kt/HMRO, Kt/LV and Kt/R) and Kt] on long-term survival of a cohort of 328 incident white HD patients. All individuals underwent periodical (every 3 months) biochemical evaluations and single-frequency BIA measurements, injecting 800 μA at 50 kHz alternating sinusoidal current with a standard tetrapolar technique. Results. A first Cox regression analysis, testing the predictive power of some demographic, anthropometric, BIA and biochemical parameters, and of the eight HD adequacy indices on long-term survival of the patients, showed that only higher serum creatinine (Scr) levels (P < 0.0001) and lower Kt/R values (P < 0.04) were significant outcome predictors. As Kt was shown not to be an outcome predictor, a second Cox regression analysis, testing the predictive power of the same demographic, anthropometric, BIA and biochemical parameters, and of the seven scaling parameters on longterm survival of the patients, was built. It showed that only higher Scr levels (P < 0.0001) and higher R values (P < 0.04) were significant outcome predictors. Kaplan-Meier survival analyses of the patients stratified into two groups, respectively, according to the first quartile of R values (0.0-467.8 Ohm), the fourth quartile of Kt/R values (98-106 ml/Ohm) and the first quartile of Scr levels (0.0-11.6 mg/dl) showed a significantly higher long-term survival in the groups of patients having R values above the first quartile (P < 0.04), Kt/R values below the fourth quartile (P < 0.03) and Scr levels above the first quartile (P < 0.0001). Conclusions. Kt/R, R and Scr were independent significant predictors of long-term-survival in incident HD patients: R is related to the fluid status, whereas Scr, which reflects the lean body mass, seems to suggest that body composition is more important than body weight and/or body mass index. Further work is required to develop these concepts and to translate them into rigorous outcomebased adequacy targets suitable for clinical usage.
Introduction
Gotch and Sargent's re-analysis of the National Cooperative Dialysis Study established the dimensionless parameter Kt/Vurea as an index of haemodialysis (HD) adequacy, where K is the dialyser urea clearance, Vurea is the distribution volume equating to total body water (TBW) and t is the duration of the HD session [1] . In prescribing HD, K is estimated from the urea mass transfer coefficient of the dialyser together with the anticipated blood and dialysis fluid flow rates; Vurea is usually estimated from anthropometric equations such as the Watson et al. formulae [2] , though use of kinetic-based estimates may be more desirable [3] . Kt/Vurea has long been a standard means of assessing the delivered dose of dialysis. However, the use of Vurea has been questioned in very recent papers [4] [5] [6] . In fact, the reports of differential survival of small and large patients on HD increased debate over whether Kt/Vurea is the best marker of dialysis dose [7] . Alternative methods of scaling Kt/Vurea have been proposed, such as scaling to body weight 0.67 (W 0.67 ) [8] , body surface area (BSA) [9, 10] , resting energy expenditure (REE) [11] , high metabolic rate organ (HMRO) mass [12] and liver size (LV) [13] . Also, no scaling, providing the same Kt to all patients, has been proposed [14] (Appendix). A comprehensive review of the proposed alternative methods for rescaling dialysis dose was made by Daugirdas et al. in a recent editorial [5] .
We agree completely with the theoretical premises against the use of Vurea and in favour of the use of W 0.67 , BSA, REE, HMRO and LV as normalizing factors [4] [5] [6] . However, what is disturbing to our minds is the fact that all five of these normalizing factors as well as Vurea (as derived from the Watson et al. formulae) [2] are not direct measurement of a given biological parameter, but are derived by means of calculations which utilize anthropometric variables, namely age, gender, height (H) and body weight (W) [2, 8, [10] [11] [12] [13] . Thus, we wondered whether we could find a directly measurable indicator of urea distribution volume equating to TBW which can be easily recorded in the clinical setting. Our choice fell on bioelectrical resistance (R), which is a directly measured component of bioelectrical impedance (BIA) [15] : briefly, impedance (Z) is a measurable property of electrical ionic conduction of soft tissue, particularly lean tissue, since fat and bone are poor conductors [15] [16] [17] [18] . Vector Z is composed of vector R (i.e. the opposition to flow of an alternating current through intra-and extracellular ionic solutions, representing the real part of Z) and tissue reactance vector (Xc, i.e. the capacitance produced by interfaces, including cell membranes and organelles, representing the hypothetical part of Z) [15] [16] [17] [18] . In the human body, more than 90% of the measured Z is composed of R [18] . Physiologically, because of the fact that the current tends to follow the path of least R, measured R correlates most strongly with TBW, and correlations decrease for other body composition components, depending on the amount of water in these components [18] . Whole-body Z is highly correlated with TBW measured by the isotope dilution techniques [19] . In fact, Hoffer et al., by injecting 100 μA at 100 kHz alternating sinusoidal current with a standard tetrapolar technique in 20 healthy volunteers and 34 patients with various diseases and degrees of fluid status (15 of them were affected by renal failure), found that the best relationship was TBW = H 2 /Z (the correlation coefficients were 0.92 for the healthy volunteers and 0.93 for the patients) [19] .
The present study aimed to prospectively evaluate the predictive power of some demographic, anthropometric, BIA and biochemical parameters, of seven scaling parameters, and of eight HD adequacy indices on long-term survival of a cohort of incident HD patients.
Subjects and methods

Design of the study
The study aimed to prospectively evaluate the predictive power of some demographic, anthropometric, BIA and biochemical parameters, of seven scaling parameters, namely Vurea, as derived from the Watson et al. formulae [2] The mean values of the data for each patient were analysed. All demographic, anthropometric, BIA and biochemical parameters, the , Kt/BSA, Kt/REE, Kt/HMRO, Kt/LV, Kt/R and Kt) were considered as independent variables in the Cox regression analyses. Patients of both genders aged >18 years were considered eligible for the study. Malignancies, malnutrition and poor life expectancy were considered as exclusion criteria. Patients were still alive at the end of the study, those transplanted or transferred to other units or to peritoneal dialysis were considered as censored. Table 1 shows the demographic, anthropometric, BIA, biochemical and dialysis adequacy parameters of the incident HD population enrolled into the study.
All the HD patients enrolled underwent a thrice weekly bicarbonate HD schedule with session lengths of at least 4 h.
Measurements
W was measured to the nearest 0.1kg and H to the nearest 0.5cm. All individuals underwent periodical (every 3 months) one single-frequency BIA measurement (average of two measurements). They were performed by the same operator during the whole follow-up. According to the length of the follow-up (about 20 years for some subjects), a reference specimen for BIA calibration was tested yearly in order to detect any methodological artefacts due to the different instruments employed over time. Thus, the highest coefficient of variation for repeated determinations of the reference BIA specimen was 6%. BIA measurements were determined on the nondominant side of the body, injecting 800 μA at 50 kHz alternating sinusoidal current with a standard tetrapolar technique (BIA 101 Impedance Analyser; Akern, Florence, Italy). BIA was performed in standardized conditions: a quiet environment, ambient temperature of 22 to 24°C and after being 20 minutes at rest in the supine position [20] . Specifically, it was performed 30 minutes after the end of the dialysis session. Actually, BIA variables remain constant and highly reproducible over the 120 minutes after the end of HD [21] . The BIA variables measured were R, Xc and phase angle. Mid-week pre-dialysis serum levels of Scr, calcium, phosphorus, albumin and haemoglobin and pre-and post-dialysis SUN levels were assessed by means of the standard laboratory techniques used in the different periods of the follow-up. Moreover, in order to avoid artefacts due to the different laboratory techniques that were sequentially employed during the whole follow-up, the blood of the patients was frozen and re-tested each time a new technique was implemented in the unit. The highest coefficient of variation for repeated determinations of the laboratory parameters was 3%.
Statistical Analyses
Data are reported as means (SD). The Cox regression analysis for proportional hazards was used to identify the survival predictors of the HD patients enrolled into the study. Then, the Kaplan-Meier survival analysis followed by the Breslow test was performed on the 328 incident HD patients enrolled into the study: they were stratified into two groups according to the quartiles of the predictors which were significant at the Cox regression analysis. All the statistical inferences were made by means of the SPSS 10.0 software (SPSS Inc., Chicago, IL, US), and a P value <0.05 was considered for the statistical significance.
Results
Fifty deaths occurred during the study period. A first Cox regression analysis, testing the predictive power of some demographic, anthropometric, BIA and biochemical parameters, and of the eight HD adequacy indices on long-term survival of the patients showed that only higher Scr levels and lower Kt/R values predicted significantly the better long-term survival of the patients (respectively, P = 0.0001 and P < 0.04, Table 2 ). When Scr was removed from the analysis, the results did not change as far as Kt/R is concerned (data not shown in any table or figure).
As Kt was shown not to be an outcome predictor, a second Cox regression analysis, testing the predictive power of the same demographic, anthropometric, BIA and biochemical parameters, and of the seven scaling parameters on long-term survival of the patients, was built. It showed that only higher Scr levels (P < 0.0001) and higher R values (P < 0.04) were significant outcome predictors (Table 3) . Table 4 shows the stratification of the patients into the quartiles of the three predictors of long-term survival which were significant at the two Cox regression analyses. Figures 1, 2 and 3 show the Kaplan- Meier survival analyses of the 328 incident HD patients stratified into two groups, respectively, according to the first quartile of R values (0.0-467.8 Ohm, Figure 1 ), the fourth quartile of Kt/R values (98-106 ml/Ohm, Figure 2 ) and the first quartile of Scr levels (0.0-11.6 mg/dl, Figure  3 ). The Breslow test showed a significantly higher longterm survival in the groups of patients having R values above the first quartile (P < 0.04, Figure 1 ), Kt/R values below the fourth quartile (P < 0.03, Figure 2 ) and Scr levels above the first quartile (P < 0.0001, Figure 3 ). Breslow test: P < 0.03 Fig. 2 . Kaplan-Meier survival analysis followed by the Breslow test was performed on the 328 incident HD patients enrolled into the study: they were stratified into two groups according to the fourth quartile of Kt/R (98-106 ml/Ohm).
Discussion
Many BIA applications use R, rather than Z, to predict body composition [22, 23] . Recently, gender-specific regression equations have been validated in a large healthy population against the gold standard for TBW measurement, deuterium [23] . R was inversely related to TBW in these regression equations [23] . We have shown in a previous study that, when comparing disease-free males and females with HD males and females, respectively, only R was statistically significantly different [24] . As expected, Vurea, as derived from the Watson et al. formulae [2] , W 0.67 , BSA, REE, HMRO and LV were not significantly different in both comparisons [24] . The evident explanation was that Vurea, BSA, W 0.67 , REE, HMRO and LV are derived by means of calculations which utilize anthropometric variables [2, 8, [10] [11] [12] [13] . Intuitively, one can easily realize that a biological parameter, such as urea distribution volume equating to TBW, when calculated by means of a formula utilizing variables which are independent of any pathological status, should not be different in subjects who have identical anthropometric variables, but different clinical situations [24] . We all know that this is not absolutely true [25] [26] [27] [28] . On the contrary, R is a biological parameter which can be directly measured in the clinical setting by means of a simple, low-cost, fast and repeatable procedure [29] . BIA is a practical, portable, relatively inexpensive and reliable bedside tool to aid in the evaluation of body composition.
Furthermore, we evaluated in that study the effect of rescaling Kt/Vurea by W 0.67 , BSA, REE, HMRO, LV and R on the distribution of target dialysis dose in a cohort of 1,058 prevalent white HD patients [24] . Our data clearly showed that equivalent Kt/R for a range of prescribed Kt/ Vurea were able to give a more clear-cut differentiation among genders and body sizes, when compared with the other proposed alternative methods for rescaling dialysis dose. It was shown very clearly in that study that small women have higher R than small men, who have higher R than large females, who have higher R than large males [24] . Hence, it may be that the effects of body size and gender on required dialysis dose have different pathophysiological bases, the influence of body size being mediated through its non-linear relationship with uraemic toxin production, and that of gender, through gender-related differences in uraemic toxin distribution volume [4] .
As mentioned, the use of Vurea has been questioned in very recent papers [4] [5] [6] . Actually, the urea kinetic methods were developed and evolved during a period of time when the convenient measurement of small molecule dialyzer clearance during treatment was impractical or impossible. However, Eloot et al. have shown that the kinetic behaviours of other small molecules are quite different from that of urea [30] . Furthermore, the theoretical foundation on which the urea kinetic equations are based has been recently questioned when they are used to evaluate a clinical outcome, like patient survival, instead of urea concentrations, for which they were originally designed [31] . The equations presume that the biological properties of Vurea are limited to those of a dilution space for urea. Vurea, however, is a proxy for body mass that is associated with survival in HD patients [31] . Thus, the true biological nature of Vurea is ambiguous, and the validity of using Vurea as a proxy for "measured" body size by which to scale measured Kt is uncertain.
However, why should we prefer R to Vurea, W 0.67 , BSA, REE, HMRO, LV and Kt/R to Kt/Vurea, Kt/W 0.67 , Kt/BSA, Kt/REE, Kt/HMRO and Kt/LV? The answer is in the present study: the strongest point in favour of the use of both is that only R and Kt/R (together with Scr) were able to predict the long-term survival in a population of 328 incident HD patients. In fact, the two Cox regression analyses for proportional hazard models tell us that lower Kt/R and higher R values are predictors of a better outcome in these patients. It must be said that the same trends, although not statistically significant, were shown by the other rescaled methods. These apparently surprising results (actually, many other clinical outcomes improve as the relative surrogate index lowers) should be related to the fact that the clinical parameters involved in this study were derived from mathematical equations (except R), which can be influenced by the population size and ethnicity. Moreover, the longitudinal nature of this study might have exalted some fluctuations and misinterpretations of the rescaling parameters.
As Kt was shown not to be an outcome predictor, it is clear that the favourable effect of lower Kt/R values depends mostly on the higher R values, as demonstrated in this study by means of the second Cox model. Thus, it can be hypothesized that higher R values, similarly to longer vectors [17] , are a proxy for the adequacy of UF. Interestingly, Z (here, it must be outlined that more than 90% of the measured Z is composed of R) was inversely related to TBW in the regression relationship described by Hoffer et al. [19] , and R was inversely related to TBW in the regression equations described by Sun et al. [23] . Kaplan-Meier survival analysis followed by the Breslow test was performed on the 328 incident HD patients enrolled into the study: they were stratified into two groups according to the first quartile of serum creatinine levels (0.0-11.6 mg/dl).
survival of HD patients to the maintenance of a correct dry W: a very recent paper showed that the fluid state is an important and independent predictor of mortality in chronic HD patients secondary only to the presence of diabetes [32] . Following these considerations, it is important to underline that our results about the relationship between lowest R and highest mortality could be biased by an excess of mortality of the patients in the early phase after the start of HD, when the fluid overload is more pronounced, with R increasing (and fluid status equilibrating) when patients survive longer. Finally, the finding that Scr levels are the strongest predictor of long-term survival in HD patients in the two Cox regression analyses, whereas BMI values were not, deserves a comment. The increasing number of large-scale epidemiologic studies indicates an inverse association between increasing BMI and mortality in HD patients, a conundrum that has been labelled by some as reverse epidemiology [33] . Even more intriguing are findings indicating that high values for BMI are protective and associated with improved survival on dialysis [34, 35] . Although BMI is often used as an indicator of nutritional status, it is not a good indicator of body composition, as it does not differentiate muscle from fat mass. BMI also does not reflect the most metabolically active compartments, i.e. muscle [36] . Scr levels reflect the muscle mass of the patients and thus their nutritional status. Preliminary data from a French prospective study confirmed the protective value of high BMI in 1,345 HD patients, but highlighted the fact that all BMIs in the same range were not equally protective, since only patients with a BMI >25 and serum creatinine levels >9.05 mg/dl had a lower mortality (annual mortality rate: 2%), whereas patients with Scr levels <9.05 mg/dl and BMI >25 presented a higher mortality rate of 17% [37] . Beddhu et al., using a 24-h urinary creatinine excretion, evaluated muscle mass in patients at the start of maintenance HD and showed that the protective effect conferred by a high BMI was also limited to those patients with normal or high muscle mass [38] . Higher Scr values conferred a lower independent risk of non-fatal myocardial infarction and cardiac death in incident dialysis patients enrolled into the database of the United States Renal Data System [39] . Furthermore, higher Scr concentrations were associated with a significantly lower relative risk of death in a large US database [40] . Lastly, creatinine index, as computed from a creatinine kinetic modelling, was an independent predictor of poor outcome in HD patients [41, 42] . Thus, it appears of importance in HD patients to report BMI with more information on body composition, using for instance easily available data such as pre-dialysis Scr levels.
Our study has the typical limitations of an observational single-centre study, together with those deriving from the small size of the population studied and the extremely wide follow-up that could have introduced biases due to fluctuations of the parameters studied. However, this study suggests a hypothesis of work in the attempt to find a parameter stronger than Kt/Vurea able to predict the survival of patients on HD.
In conclusion, Kt/R, R and Scr were independent significant predictors of long-term-survival in incident HD patients among eight HD adequacy indices, seven scaling parameters and some demographic, anthropometric, BIA and biochemical parameters. R is related to the fluid status, whereas Scr, which reflects the lean body mass, seems to suggest that body composition is more important than W and/or BMI. Further work is required to develop these concepts and to translate them into rigorous outcome-based adequacy targets suitable for clinical usage.
• All the rescaled adequacy indices were computed following the method proposed by Spalding et al. where Kt/Vurea is the standard dialysis adequacy calculated in each patient [6] , Vurea is TBW calculated by means of Watson et al. formulae [6] , Vurea m /X m ratio is considered as the mean value of the entire cohort for males and females and X s /Vurea s ratio is calculated for each single patient. This approach permits to rescale both the numerator and the denominator of Kt/Vurea obtained by means of the Daugirdas formula [6] . If we had simply divided Kt by all the X values, we would have rescaled only the urea distribution volume (Vurea), keeping constant the dialyser urea clearance K. By this way, all our rescaled adequacy indices would have been a mixing between usual dialyser urea clearance and rescaled urea distribution volume.
